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
(IIHFWVRI1*O\FRV\ODWLRQRIWKHKXPDQFDWLRQFKDQQHO753$RQDJRQLVWVHQVLWLYLW\
7LPRWK\-(JDQ0DULR$$FXxD0DUF\=HQREL:RQJ+DQQV8OULFK=HLOKRIHU'DYLG8UHFK

&DUWLODJH(QJLQHHULQJ	5HJHQHUDWLRQ/DEWKH'HSDUWPHQWRI+HDOWK6FLHQFH	7HFKQRORJ\7KH6ZLVV
)HGHUDO,QVWLWXWHRI7HFKQRORJ\(7+=XULFK6ZLW]HUODQG
1XPDE$*:lGHQVZLO6ZLW]HUODQG
,QVWLWXWHRI3KDUPDFRORJ\	7R[LFRORJ\8QLYHUVLW\RI=XULFK8=+=XULFK6ZLW]HUODQG

&RUUHVSRQGLQJ$XWKRUV7LPRWK\-(JDQWLPRWK\HJDQ#KHVWHWK]FK'DYLG8UHFK
GXUHFK#QXPDEFRP

$%675$&7
'HWHUPLQLQJWKHIXQFWLRQDOVLJQLILFDQFHRISRVWWUDQVODWLRQDOPRGLILFDWLRQVDGYDQFHVRXUXQGHUVWDQGLQJRI
PDQ\EURDGO\H[SUHVVHGSURWHLQVDQGSDUWLFXODUO\LRQFKDQQHOV7KHHQ]\PHVWKDWFDWDO\]HWKHVHPRGLIL
FDWLRQV DUH RIWHQ H[SUHVVHG LQ D FHOOW\SH VSHFLILFPDQQHU UHVXOWLQJ LQ FRQVLGHUDEOH VWUXFWXUDO GLYHUVLW\
DPRQJSRVWWUDQVODWLRQDOO\PRGLILHGSURWHLQVWKDWDUHH[SUHVVHGDFURVVDYDULHW\RIFHOOW\SHV753FKDQ
QHOVH[KLELWQRWDEO\YDULDEOHEHKDYLRUEHWZHHQFHOOW\SHVin vitro DQGin vivoDQGWKH\DUHIUHTXHQWO\PRG
LILHGZLWK1JO\FDQVWKDWFRQWULEXWHWRSURWHLQIXQFWLRQ753$SRVVHVVHVWZRSXWDWLYH1OLQNHGJO\FR
V\ODWLRQVLWHVDW1DQG1WKDWKDYHQRW\HWEHHQVWXGLHGLQGHWDLO+HUHZHVKRZWKDWERWKRIWKHVH
VLWHVFDQEHPRGLILHGZLWKDQ1JO\FDQDQGWKDWWKHJO\FDQDWSRVLWLRQ1PRGXODWHVDJRQLVWVHQVLWLYLW\
RI753$ in vitro $GGLWLRQDOO\ZH IRXQG WKDW1JO\FRV\ODWLRQ DOVRPRGXODWHV FRRSHUDWLYH HIIHFWV RI
WHPSHUDWXUHDQGWKHDJRQLVWFLQQDPDOGHK\GHRQ753$FKDQQHODFWLYDWLRQ &ROOHFWLYHO\ WKHVHILQGLQJV
VXJJHVWDG\QDPLFUROHSOD\HGE\WKH1JO\FRV\ODWLRQRIKXPDQ753$7KH\DOVRSURYLGHIXUWKHUHYL
GHQFHRIWKHYHUVDWLOLW\RI1JO\FDQVDQGZLOODVVLVWLQHIIRUWVWRIXOO\XQGHUVWDQGWKHFRPSOH[UHJXODWLRQRI
753$DFWLYLW\



6XPPDU\6WDWHPHQW2XUH[SHULPHQWVFRQILUP1JO\FRV\ODWLRQRIWKHKXPDQFDWLRQFKDQQHO753$
DQGVXJJHVWDUROHRIWKH1JO\FDQDWSRVLWLRQ1LQGHWHUPLQLQJFKDQQHOVHQVLWLYLW\WRYDULRXVDJRQLVWV
)XUWKHUWKHDFWLYLW\PRGXODWLQJHIIHFWVRI753$1JO\FDQVDUHHYLGHQWO\LQIOXHQFHGE\WHPSHUDWXUH

6KRUW7LWOH1JO\FRV\ODWLRQRI753$PRGXODWHVDJRQLVWVHQVLWLYLW\

.H\ZRUGV753FKDQQHOVJO\FRV\ODWLRQJO\FRSURWHLQ753$FLQQDPDOGHK\GHPHQWKRO

$EEUHYLDWLRQV:7ZLOGW\SH57URRPWHPSHUDWXUH&6FHOOVXUIDFH&/ZKROHFHOOO\VDWH&RQ$
FRQFDYDOLQ $ P$E PRQRFORQDO DQWLERG\ ,J* LPPXQRJOREXOLQ * *$3'+ *O\FHUDOGHK\GH
SKRVSKDWHGHK\GURJHQDVH&$FLQQDPDOGHK\GH$,7&DOO\O LVRWKLRF\DQDWH5)8 UHODWLYH IOXRUHVFHQFH
XQLWVH*)3HQKDQFHGJUHHQIOXRUHVFHQWSURWHLQ&,FRQILGHQFHLQWHUYDO

 


,1752'8&7,21
7UDQVLHQW UHFHSWRU SRWHQWLDO 753 FKDQQHOV UHYLHZHG LQ ± DUH D IDPLO\ RI QRQVHOHFWLYH FDWLRQ
SHUPHDEOHLQWHJUDOPHPEUDQHSURWHLQVWKDWFRPPRQO\DFWDVUHFHSWRUVLQYDULRXVVHQVRU\SURFHVVHV)XQF
WLRQDO753$FKDQQHOVDUHFRPSRVHGRI IRXUVXEXQLWVHDFKFRQWDLQLQJVL[ WUDQVPHPEUDQHUHJLRQV6
6WZRH[WUDFHOOXODUGRPDLQV(DQG(DQGDQLRQSHUPHDEOHSRUHIRUPHGE\WKH66UHJLRQV753
FKDQQHOVDUHPRGXODWHGE\GLYHUVHFKHPLFDODQGSK\VLFDOVWLPXOLDQGVLPXOWDQHRXVH[SRVXUHWRFRPELQD
WLRQVRIWKHVHVWLPXOLRIWHQWULJJHUXQLTXHFKDQQHOUHVSRQVHVUHYHDOLQJFRRSHUDWLYHHIIHFWV,QDGGLWLRQD
VLQJOH753FKDQQHOJHQHFDQJLYHULVHWRPDQ\VWUXFWXUDOO\DQGIXQFWLRQDOO\GLYHUVHFKDQQHOVGXHWRWKH
DELOLW\RIVXEXQLWVWRKHWHURPXOWLPHUL]HDVZHOODVGLVSOD\SRVWFRWUDQVODWLRQDOO\DGGHGPRGLI\LQJJURXSV
VXFKDV1JO\FDQV
753FKDQQHOVDUHKLJKO\FRQVHUYHGDQGVWXGLHVKDYHGHVFULEHGWKH1OLQNHGJO\FRV\ODWLRQRIPDQ\RI
WKHP±7KLVFRPPRQSURWHLQPRGLILFDWLRQHQWDLOVWKHFRWUDQVODWLRQDODGGLWLRQDQGVXEVHTXHQWSUR
FHVVLQJRIDQROLJRVDFFKDULGHWRVLGHFKDLQVRIOXPHQDO$VQUHVLGXHVWKDWDUHGLVSOD\HGZLWKLQDVSHFLILF
1X-67FRQVHQVXVVHTXHQFHZKHUHXLVDQ\DPLQRDFLGRWKHUWKDQ3UR,QJHQHUDODSURWHLQERXQG
1JO\FDQ FDQ H[KLELW RQH RI WKUHH VWUXFWXUHV KLJKPDQQRVH K\EULG RU FRPSOH[  7KH UROH RI 1
JO\FDQV LGHQWLILHG LQVWXGLHVKDV UDQJHG IURPLQYROYHPHQW LQSURWHLQ IROGLQJDQGFHOOXODU ORFDOL]DWLRQ WR
SURWHLQIXQFWLRQ,QWKHFDVHRI753FKDQQHOV1JO\FDQVKDYHEHHQVKRZQWRLQIOXHQFHFHOOVXUIDFH
&6 H[SUHVVLRQ  VHQVLWLYLW\ WR DJRQLVWV  DFWLYLW\ UHJXODWLRQ  DQG WHPSHUDWXUH
VHQVLWLYLW\
7KH753FKDQQHO³DQN\ULQ´753$LVPRVWSURPLQHQWO\H[SUHVVHGRQQRFLFHSWLYHDIIHUHQWILEHUVRI
GRUVDOURRWJDQJOLD'5*DQGWULJHPLQDOJDQJOLD75*QHXURQVDQGLVDFWLYDWHGE\YDULRXVH[RJHQRXV
DQGHQGRJHQRXVFKHPLFDOVWLPXOLin vivo.  ,QDGGLWLRQFKDQQHOUHVSRQVHVWRFROG&DQGPHFKDQLFDO
VWLPXODWLRQKDYHEHHQUHSRUWHG±753$LVVWUXFWXUDOO\GLVWLQJXLVKHGIURPRWKHUPHPEHUVRI WKH
753IDPLO\E\WKHWRDQN\ULQUHSHDWPRWLIVDORQJLWVF\WRVROLF1WHUPLQDOGRPDLQ,WV1
WHUPLQXVLVIXUWKHUFKDUDFWHUL]HGE\UHDFWLYH&\VDQG/\VUHVLGXHVZKLFKDFWDVVLWHVIRUUHYHUVLEOHFRYD
OHQWELQGLQJE\PHPEUDQHSHUPHDEOHHOHFWURSKLOHVH[KLELWLQJVXOIK\GU\ODPLQHUHDFWLYHJURXSV


5HYHUVLEOHFRYDOHQWELQGLQJRIWKHVHUHVLGXHVLVWKHPHFKDQLVPE\ZKLFKVHYHUDOSXQJHQWFKHPLFDOVVXFK
DVFLQQDPDOGHK\GH&$DQGDOO\OLVRWKLRF\DQDWH$,7&DFWLYDWH753$
0DPPDOLDQ753$FRQWDLQVWZRKLJKO\FRQVHUYHG)LJXUH$	%OXPHQH[SRVHG1JO\FRV\ODWLRQ
FRQVHQVXVVHTXHQFHVDW1DQG1DORQJLWV(GRPDLQ0HDQZKLOH:HVWHUQ%ORW:%DQDO\VLV
RIGHQDWXUHGO\VDWHVIURPFHOOVH[SUHVVLQJKXPDQ753$K753$GLVSOD\DFKDUDFWHULVWLFGRXEOHWEDQG
DWWKHDSSUR[LPDWHSRVLWLRQRIWKHFKDQQHO¶VVXEXQLWSUHVXPDEO\GXHWRWKHGLVSDUDWHZHLJKWVRI³PDWXUH´
DQG³LPPDWXUH´JO\FRSURWHLQ7KLVVWXG\VRXJKWWRFRQILUPWKHSUHVHQFH±DQGFKDUDFWHUL]HWKHUROH±RI
K753$OLQNHGJO\FDQVZLWKWKHDLPRIRIIHULQJYDOXDEOHLQVLJKWVLQWRSURWHLQIXQFWLRQDQGUHJXODWLRQ
2XUSUHVHQWGDWDFRQILUPWKHGLJO\FRV\ODWLRQRI753$DQGLQGLFDWHDIXQFWLRQDOUROHIRUWKHJO\FDQDW
SRVLWLRQ17KHVHILQGLQJVSUHVHQWIXUWKHUHYLGHQFHRIWKHIXQFWLRQDOVLJQLILFDQFHRI1JO\FRV\ODWLRQ
HVSHFLDOO\DVLWUHODWHVWRLRQFKDQQHOV

(;3(5,0(17$/
&ORQLQJ:LOGW\SHDQG0XWDQWK753$)/$*
)RUVXEVHTXHQWFORQLQJDQGWUDQVIHFWLRQK753$S(175 F'1$1&%$FFHVVLRQ13B
ZDV VXSSOLHG E\ )LVKHU 6FLHQWLILF $*  K753$)/$* F'1$ ZDV DPSOLILHG DQG FORQHG LQWR D
SF'1$)57/LIH7HFKQRORJLHVWUDQVIHFWLRQYHFWRUEHWZHHQ.SQ,DQG;KR,UHVWULFWLRQVLWHVJHQHU
DWLQJ WKH RSHQ UHDGLQJ IUDPH 25) XVLQJ WKH IROORZLQJ SULPHUV IRUZDUG ¶
$$$**7$&&$7*$$*&*&$*&&7*$**¶ UHYHUVH ¶$77&7&*$*&7$777*7&*7&*7&
*7&777*7$*7&$**&7&$$*$7**7*7*77777*&¶ 7R SURGXFH F'1$ ZLWK $VQ*OQ PXWD
WLRQVHQFRGHGVLWHGLUHFWHGPXWDJHQHVLVZDVSHUIRUPHGE\RYHUODSSLQJ3&5XVLQJWKHPXWDWLQJSULPHUV
14 IRUZDUG ¶&&$**$$7**&777&&$*7&$$&7**&$7&¶ UHYHUVH ¶
*$7*&&$*77*$&7**$$$*&&$77&&7**¶14IRUZDUG¶&$$&7**&$7&$7&&$**
$$$&7$*7*$7&¶UHYHUVH¶*$7&$&7$*777&&7**$7*$7*&&$*77*¶LQFRPELQDWLRQ
ZLWKSULPHUVIRUFORQLQJEHWZHHQ+SD,DQG%DP+,UHVWULFWLRQVLWHVORFDWHGZLWKLQWKHK753$ 25)IRU


ZDUG ¶$77*77$$&$&$$&&*$7**$7*7&$7*$*$&&¶ UHYHUVH ¶
$77**$7&&7*7$$$77&$**$**$7*7$$$$*&¶

7UDQVLHQW7UDQVIHFWLRQRI+(.FHOOVDQG:HVWHUQ%ORW([SHULPHQWV
+(.FHOOVZHUHVHHGHGRQSRO\//\VLQH6ROXWLRQ6LJPD$OGULFKWUHDWHGJURZWKVXUIDFHVDW
aFHOOVFPDQGJURZQIRUKLQ'XOEHFFR¶V0RGLILHG(DJOH¶V0HGLXP6LJPD$OGULFKVXS
SOHPHQWHGZLWKKHDWLQDFWLYDWHGIHWDOFDOIVHUXPYY3HQ6WUHSYYDQGP0/*OXWDPLQH
FRPSOHWH'0(07KHFHOOVZHUHWUDQVIHFWHGXVLQJWKHMHW35,0(V\VWHP3RO\SOXV7UDQVIHFWLRQDF
FRUGLQJ WRPDQXIDFWXUHU¶V LQVWUXFWLRQV DQG WKHFXOWXUHPHGLXPZDVH[FKDQJHGaKDIWHU WUDQVIHF
WLRQ&HOOVZHUHDOZD\VKDUYHVWHGKDIWHUWUDQVIHFWLRQ
7RKDUYHVWLQWDFWFHOOVZHUHULQVHGLQLFHFROG;3KRVSKDWH%XIIHUHG6DOLQHS+ZLWKRXW&DRU
0J3%6DQGWUHDWHGZLWK/\VLV%XIIHU7ULWRQ;LQ3%6ZSURWHDVHLQKLELWRUVIRUPLQRQ
LFHDJLWDWLQJ LQWHUPLWWHQWO\ 7KHVDPSOHVZHUH WKHQFHQWULIXJHGDWJIRUPLQDW&DQG WKH
SHOOHWVZHUHGLVFDUGHG 7KHSURWHLQFRQFHQWUDWLRQRIVDPSOHVZDV WKHQGHWHUPLQHGE\ WKH'&Ρ3URWHLQ
$VVD\%LR5DGDFFRUGLQJWRPDQXIDFWXUHU¶VLQVWUXFWLRQVDQGVDPSOHFRQFHQWUDWLRQVDQGYROXPHVZHUH
HTXDOL]HG7RGHQDWXUHWKHO\VDWHVDPSOHV6'63$*(/RDGLQJ%XIIHU07ULV+&OS+6'6
ZY *O\FHURO YY P0('7$ %URPRSKHQRO%OXH ZY P0'77ZDV DGGHG
DQGWKHVDPSOHVZHUHLQFXEDWHGIRUPLQDW57DQGWKHQERLOHGDW&IRUPLQ)RU:%GHWHF
WLRQ0PRXVHDQWL)/$*P$E6LJPD$OGULFK&DWDORJXH)VHUYHGDVWKHSULPDU\DQWLERG\
DQG D SHUR[LGDVHFRQMXJDWHG UDEELW DQWLPRXVH ,J* -DFNVRQ ,PPXQR5HVHDUFK&DWDORJXH  
ZDVXVHGDVDVHFRQGDU\DQWLERG\/HFWLQPHGLDWHGK753$GHWHFWLRQZDVDOVRSHUIRUPHGDSSO\LQJ
D &RQFDYDOLQ $ &RQ$SHUR[LGDVH FRQMXJDWH 6LJPD$OGULFK &DWDORJXH  / WR WUDQVIHU PHP
EUDQHVGLVSOD\LQJLPPRELOL]HGSXULILHGK753$)/$*SXULILFDWLRQPHWKRGGHVFULEHGLQQH[WVHFWLRQ
:% GDWD DQDO\VLV ZDV SHUIRUPHG XVLQJ VLJQDO LQWHQVLWLHV DX QRUPDOL]HG WR WRWDO SURWHLQ WUDQVIHUUHG
ZKLFK ZDV UHYHDOHG E\ VWDLQLQJ WUDQVIHU PHPEUDQHV ZLWK ; $PLGR %ODFN 6WDLQLQJ 6ROXWLRQ 6LJPD
$OGULFKDQGGHVWDLQLQJRYHUQLJKWLQPHWKDQRODQGDFHWLFDFLGLQGG+27RFRPSDUHSURWHLQ


H[SUHVVLRQOHYHOVWKHFRPELQHGQRUPDOL]HGVLJQDOLQWHQVLWLHVRIDOO753$VXEXQLWJO\FRIRUPVGHWHFWHG
LQ WKH753$PXWDQWVDPSOHV±PDWXUHDQG LPPDWXUHJO\FRSURWHLQLQ14DQG14VDPSOHVRU
QRQJO\FRV\ODWHGSURWHLQLQ14VDPSOHV±ZHUHFRPSDUHGWRWKHFRPELQHGVLJQDOLQWHQVLWLHVRI
DOO753$VXEXQLWJO\FRIRUPVGHWHFWHGLQ:7VDPSOHV
(QGR+DQG31*DVH)'LJHVWLRQRI'HQDWXUHG3URWHLQ
+(.FHOOWUDQVIHFWLRQVZHUHFDUULHGRXWLQIODVNVZLWKDFPJURZWKVXUIDFHDUHD$IWHULQFXEDWLRQ
WKHFHOOVZHUHULQVHGWKUHHWLPHVLQLFHFROG3%6DQGO\VHGLQP//\VLV%XIIHU:LOGW\SH:7RUPX
WDQWK753$)/$*ZDVLPPXQRSUHFLSLWDWHGRXWRIZKROHFHOOO\VDWHVE\LQFXEDWLRQZLWK/0DQ
WL)/$* PDJQHWLF EHDGV 6LJPD$OGULFK URWDWLQJ WKH VDPSOHV RYHUQLJKW DW &  $IWHU ULQVLQJ WKH
EHDGV;ZLWKLFHFROG3%6WKHSURWHLQVZHUHHOXWHGIURPWKHEHDGVZLWK/P0*O\FLQH+&O
S+URFNLQJWKHVDPSOHVIRUPLQDW57DQGWKHS+RIWKHHOXDWHZDVSURPSWO\DGMXVWHGE\DGGL
WLRQRI07ULV+&OS+
)URPHDFKHOXDWHWKUHH/VDPSOHVZHUHDOLTXRWHGDQGWKHSURWHLQVDPSOHVZHUHGHQDWXUHGIRUVXE
VHTXHQWJO\FRVLGDVHRUPRFNGLJHVWLRQDFFRUGLQJWRPDQXIDFWXUHU¶V1HZ(QJODQG%LRODEVLQVWUXFWLRQV
ZLWKHLWKHU¶XQLWVP/(QGR+¶XQLWVP/31*DVH)RUGG+2PRFN 7KHVDPSOHVZHUH
LQFXEDWHGZLWKWKHLUUHVSHFWLYHJO\FRVLGDVHRUGG+2IRUKRXUVDW&7KHVDPSOHVZHUHWKHQDQD
O\]HGE\:HVWHUQ%ORW

&HOOVXUIDFH%LRWLQ\ODWLRQ
+(.FHOOWUDQVIHFWLRQVZHUHFDUULHGRXWLQIODVNVZLWKDFPJURZWKVXUIDFHDUHD$IWHULQFXEDWLRQ
WKHLQWDFWFHOOVZHUHULQVHGWKUHHWLPHVLQLFHFROG3%6DQGLQFXEDWHGLQPJP/(=/LQN6XOIR1+6
/&%LRWLQ7KHUPR6FLHQWLILFLQ3%6IRUPLQDW&7KHELRWLQZDVTXHQFKHGE\ZDVKLQJWKHFHOOV
; LQ LFHFROG P0 JO\FLQH±3%6 DQG WKHQ WKUHH DGGLWLRQDO ZDVKHV ZLWK LFHFROG 3%6 ZHUH SHU
IRUPHG7KHFHOOVZHUHO\VHGLQȝ//\VLV%XIIHU$IWHUHTXDOL]LQJWKHSURWHLQFRQWHQWVDOLTXRWVIURP


HDFK O\VDWH VDPSOH ZHUH VHW DVLGH &/ VDPSOHV DQG WKH UHPDLQLQJ O\VDWH ZDV LQFXEDWHG ZLWK  /
3LHUFHΡ6WUHSWDYLGLQ$JDURVH7KHUPR)LVKHU6FLHQWLILFURWDWLQJRYHUQLJKWDW&
7KHDJDURVHZDVSHOOHWHGE\FHQWULIXJDWLRQDWJDQG&VXSHUQDWDQWVZHUHGLVFDUGHGDQG WKH
DJDURVHZDVZDVKHG;WRWDO;LQ:DVK6ROXWLRQ$P07ULV+&OS+P01D&OP0
('7$;LQ:DVK6ROXWLRQ%P07ULV+&OS+P01D&ODQG;LQ:DVK6ROXWLRQ&
P07ULV+&OS+ 7KHVWUHSWDYLGLQDIILQLW\SUHFLSLWDWHZDVHOXWHG IURPWKHEHDGVZLWK/
6'63$*(6DPSOH/RDGLQJ%XIIHULQFXEDWLQJIRUPLQDW57ZKLOHJHQWO\DJLWDWLQJDQGWKHQERLOLQJ
IRUPLQDW&$OOVDPSOHVZHUHWKHQDQDO\]HGE\:%XVLQJVLJQDOLQWHQVLWLHVQRUPDOL]HGWRWRWDOSUH
FLSLWDWHWUDQVIHUUHGDVGHWHUPLQHGE\GHWHFWLRQZLWKVWUHSWDYLGLQSHUR[LGDVH 7RFRQILUPWKHDEVHQFHRI
VXEVWDQWLDO LQWUDFHOOXODU FRQWDPLQDWLRQ LQ WKH FHOOVXUIDFH IUDFWLRQ DQ DQWL*O\FHUDOGHK\GHSKRVSKDWH
GHK\GURJHQDVHDQWL*$3'+,J*6LJPD$OGULFK&DWDORJXH*ZDVDSSOLHGDVDSULPDU\DQWL
ERG\WREHGHWHFWHGE\DQ+53FRQMXJDWHGJRDWDQWLUDEELW,J*-DFNVRQ,PPXQR5HVHDUFK&DWDORJXH


0HPEUDQH'HSRODUL]DWLRQ$VVD\VRQWKH)OH[6WDWLRQ
+(.FHOOVZHUHVHHGHGLQSRO\/O\VLQHWUHDWHGZHOOSODWHVaFHOOVFPDQGLQFXEDWHGIRU
K7UDQVIHFWLRQVDPSOHV/MHW35,0(7UDQVIHFWLRQ%XIIHUDQG/MHW35,0(7UDQVIHF
WLRQ5HDJHQWSHUJSODVPLGZHUHGLOXWHGLQSUHZDUPHGFRPSOHWH'0(0DWDFRQFHQWUDWLRQRIa
JSODVPLGP/7KHROGPHGLXPZDVGLVFDUGHGDQGaQJFPRIWKHDSSURSULDWHSODVPLGZHUHDGGHG
WRHDFKZHOO7KHFHOOVZHUHWKHQLQFXEDWHGIRUK
7KHPHGLXPZDVGLVFDUGHGDQG/;0HPEUDQH3RWHQWLDO$VVD\.LW5(''\HLQ&RPSRQHQW%
%XIIHU0ROHFXODU'HYLFHV,QFDYROWDJHVHQVLQJG\HZHUHDGGHGWRHDFKZHOODQGWKHSODWHVZHUHLQ
FXEDWHGIRUPLQDWHLWKHU&RU&7KHSODWHVZHUHDQDO\]HGLQD)OH[6WDWLRQVFDQQLQJIOXR
URPHWHU 0ROHFXODU'HYLFHV ,QF DW  QP H[FLWDWLRQ DQG  QP HPLVVLRQ  QP FXWRII ZDYH
OHQJWKV,QLWLDWLRQRIWKHVFDQQLQJSURJUDPUHVXOWHGLQWKHWUDQVIHURI0RIWKH753$DJRQLVW
±FLQQDPDOGHK\GH&$DOO\OLVRWKLRF\DQDWH$,7&RUPHQWKRO±WRHDFKZHOO)OXRUHVFHQFHLQWHQVLW\


GDWDZHUHFROOHFWHGXVLQJ6RIW0D[3URY0ROHFXODU'HYLFHV ,QF IRUPLQDIWHUDSSOLFDWLRQRI
WKHDJRQLVW7KHVHGDWDZHUHWKHQEDVHOLQHVXEWUDFWHG\LHOGLQJWKHUHODWLYHIOXRUHVFHQFHXQLWV5)8SUH
VHQWHGKHUH1RUPDOL]HGIOXRURPHWULFGDWDDUHSUHVHQWHGDVPD[LPXP5)8$OOGRVHUHVSRQVHFXUYHV
ZHUHILWWHGWRGDWDXSWRWKHPD[LPDOFKDQQHOUHVSRQVHXVLQJ*UDSK3DG3ULVPVRIWZDUH

(OHFWURSK\VLRORJLFDO5HFRUGLQJV
+(.FHOOVZHUHPDLQWDLQHGLQFRPSOHWH'0(0DQGSODWHGRQPPGLVKHVKEHIRUHWUDQVIHF
WLRQ&HOOVZHUHFRWUDQVIHFWHGZLWKȝJRISODVPLGHQFRGLQJK753$)/$*:7RUPXWDQWDQGȝJ
RISODVPLGHQFRGLQJHQKDQFHGJUHHQIOXRUHVFHQWSURWHLQH*)3XVHGDVDPDUNHURIVXFFHVVIXOWUDQVIHF
WLRQDQGWKHQLQFXEDWHGIRUK2QWKHGD\RIH[SHULPHQWWKHPHGLXPZDVGLVFDUGHGDQGUHSODFHG
ZLWK SUHZDUPHG H[WUDFHOOXODU VROXWLRQ & FRQWDLQLQJ LQP0 1D&O .&O &D&O 
0J&O +(3(6 S+ DQGJOXFRVH :KROHFHOO SDWFKFODPS UHFRUGLQJVZHUHSHUIRUPHGDW D
KROGLQJ SRWHQWLDO RI  P9 XVLQJ DQ (3& DPSOLILHU DQG 3DWFK 0DVWHU Y VRIWZDUH +(.$ (O
HNWURQLN/DPEUHFKW3IDO]*HUPDQ\5HFRUGLQJHOHFWURGHV0ȍZHUHSXOOHGIURPERURVLOLFDWH
JODVVFDSLOODULHVDQGILOOHGZLWKLQWHUQDOVROXWLRQFRQWDLQLQJLQP0&V&O(*7$+(3(6S+
 0J&O *73 DQG $732QO\ H*)3SRVLWLYH FHOOVZHUH XVHG IRU UHFRUGLQJV :KROHFHOO
753$PHGLDWHG FXUUHQWVZHUH DFWLYDWHG E\ PLQ DSSOLFDWLRQ RI &$ IHG WKURXJK DQ RXWOHW WXEH
P,'RIDFXVWRPGHVLJQHGJUDYLW\IHGPLFURSHUIXVLRQV\VWHPSRVLWLRQHG±PIURPWKH
UHFRUGHGFHOO7KHWHPSHUDWXUHRIVROXWLRQLQWKHFHOO¶VPLFURHQYLURQPHQWZDVPDLQWDLQHGDW&XVLQJD
+HDW&RROHG7HPSHUDWXUH&RQWURO6\VWHP$XWR0DWH6FLHQWLILF

5(68/76

K753$LV*O\FRV\ODWHGLQYLWUR
7RLQYHVWLJDWH1JO\FRV\ODWLRQDWERWK1DQG1ZHDSSOLHGWKUHHVWUDWHJLHVVLWHGLUHFWHGPXWD
JHQHVLVRIF'1$WRUHSODFH WKHFULWLFDO$VQUHVLGXHVZLWKVWUXFWXUDOO\VLPLODU*OQ±JO\FR


VLGDVH GLJHVWLRQ RI K753$)/$* SXULILHG IURP ZKROHFHOO O\VDWHV &/V  DQG  OHFWLQ
PHGLDWHGGHWHFWLRQRIJO\FRV\ODWHGK753$)/$*
:%DQDO\VLVRI+(.FHOOVWUDQVLHQWO\H[SUHVVLQJK753$)/$*:7DQG14DQG14PX
WDQWV UHYHDOHGDGRXEOHWEDQGDW WKHHVWLPDWHGVL]HRI WKH753$VXEXQLW aN')LJXUH$ 7KLV
GRXEOHWZDVFRQVSLFXRXVO\DEVHQWLQO\VDWHVFRQWDLQLQJWKH14GRXEOHPXWDQW)LJXUH$)XU
WKHUWKH753$JO\FRIRUPVH[KLELWLQJWKHORZHVWHOHFWURSKRUHWLFPRELOLW\ORVWFRQVLGHUDEOHVLJQDOLQWHQ
VLW\ZKHQVXEMHFWHGWR31*DVH)EXWQRW(QGR+GLJHVWLRQ)LJXUH&VXJJHVWLQJWKDWWKHPDWXUHJO\
FRSURWHLQLVPRGLILHGZLWKHLWKHUDK\EULGRUFRPSOH[JO\FDQLHRQHEHDULQJWHUPLQDOVLDOLFDFLGDWERWK
$VQ UHVLGXHV  ,W DOVR VHHPV OLNHO\ WKDW WKH IDVWHUPLJUDWLQJ753$ VXEXQLWV LQ WKH UHVSHFWLYH GRXEOHWV
KDYHEHHQPRGLILHGZLWKDFRUHJO\FDQEHFDXVHXQOLNHWKH14GRXEOHPXWDQWWKH\ZHUHGHWHFWHG
E\&RQ$)LJXUH'ZKLFKSRVVHVVHVDQDIILQLW\IRUWHUPLQDOĮ'PDQQRVHRUĮ'JOXFRVH0RUH
RYHU&RQ$IDLOHGWRGHWHFWDQ\RIWKHVORZHUPLJUDWLQJVXEXQLWVLQWKHGRXEOHWVVXJJHVWLQJWKDWERWK1
JO\FRV\ODWLRQVLWHVXOWLPDWHO\EHDUDFRPSOH[JO\FDQSRVVHVVLQJWKUHHRUPRUHDQWHQQDH

([SUHVVLRQRIK753$LV$IIHFWHGE\14PXWDWLRQ
2YHU WKHFRXUVHRI LQGHSHQGHQW+(.WUDQVIHFWLRQV WKHSUHVHQFHRIHLWKHUVLQJOH14PXWDWLRQUH
GXFHGWRWDOSURWHLQH[SUHVVLRQDVPHDVXUHGE\QRUPDOL]HGWRWRWDOSURWHLQFRQWHQW:%VLJQDOLQWHQVLWLHV
UHODWLYHWR:7PHDQ6(01414ZKLOHWKH14PXWDQW
FRQVLVWHQWO\GLVSOD\HGWKHZHDNHVWVLJQDOLQWHQVLW\)LJXUH)8QH[SHFWHGO\:%DQDO\VLV
DOVR LQGLFDWHG WKDW WKH DEVHQFH RI WKH1 JO\FRV\ODWLRQ VLWH HQKDQFHV WKH JO\FRSURFHVVLQJ RI WKH1
JO\FDQ DW1 DV GHWHUPLQHG E\ GLIIHUHQFHV LQ WKH UDWLR RI FRPSOH[FRUHJO\FRV\ODWHG SURWHLQ VLJQDO
LQWHQVLWLHV14:7)LJXUH)
,QDGGLWLRQWRWKHGLIIHUHQFHVREVHUYHGLQRYHUDOOSURWHLQH[SUHVVLRQZHGHWHFWHGGLVSDUDWH&6H[SUHV
VLRQ EHWZHHQPXWDQW DQG:7K753$ DIWHU  LQGHSHQGHQW+(. WUDQVIHFWLRQV )LJXUH ()  7KH
ORZHU FHOOVXUIDFH H[SUHVVLRQRI14DQG14PXWDQWV UHODWLYH WR:7 14
14ZDVDSSDUHQWO\FRQVLVWHQWZLWKWKHUHGXFWLRQLQWRWDOSURWHLQH[SUHVVLRQGHWHU


PLQHGE\DQDO\VLVRIPHDQUDWLRVRI:7UHODWLYHFHOOVXUIDFHH[SUHVVLRQWR:7UHODWLYHWRWDOK753$H[
SUHVVLRQ1414+RZHYHUH[SUHVVLRQRIK753$14DWWKH
FHOOVXUIDFHZDVHYLGHQWO\JUHDWHUWKDQ:7LQGLFDWLQJWKDWUHPRYDORIWKHJO\FDQDWSRVLWLRQ
1UHVXOWVLQDJUHDWHUSURSRUWLRQRIWRWDOSURWHLQORFDOL]LQJWRWKHFHOOPHPEUDQH
'HVSLWHWKH:%UHVXOWVZHREWDLQHGZHGLGQRWREVHUYHVLJQLILFDQWGLIIHUHQFHVEHWZHHQ753$YDUL
DQWVLQPD[LPDOFKDQJHVLQUHODWLYHIOXRUHVFHQFHDQGSHDNDPSOLWXGHVLQRXUIOXRURPHWULFYROWDJHPHDV
XUHPHQWVDQGHOHFWURSK\VLRORJLFDOFXUUHQWUHFRUGLQJVUHVSHFWLYHO\)LJXUH$%+RZHYHUIOXRUR
PHWULFDVVD\VGLGUHYHDOPHDQPD[LPDOIOXRUHVFHQFHFKDQJHVWKDWZHUHFRQVLVWHQWZLWKUHGXFWLRQVLQFHOO
VXUIDFHH[SUHVVLRQRI14PXWDQWVLQ5)8:7141414
0HDQZKLOH WKHDEVHQFHRIDQHJDWLYHO\FKDUJHGFDWLRQDWWUDFWLQJJO\FDQRQK753$14PD\SUR
YLGHDUHDVRQZK\PD[LPDOFHOOUHVSRQVHVFRXOGEHGLPLQLVKHGGHVSLWHVOLJKWO\KLJKHUFHOOVXUIDFHH[SUHV
VLRQ
753$*DWLQJ0HFKDQLFVDUH$OWHUHGE\140XWDWLRQ
)OXRURPHWULFDFWLYLW\DVVD\Vn LQGHSHQGHQWH[SHULPHQWVLUHYHDOHGWKDW753$PXWDQWVODFNLQJDJO\
FRV\ODWLRQVLWHDW1H[KLELWGHFUHDVHGVHQVLWLYLW\WR&$(&LQȝ0FRQILGHQFHLQWHUYDO&,
:7141414)LJ
XUH%:KLOHWKH(&RI&$GLIIHUHGFRQVLGHUDEO\EHWZHHQYDULDQWVGLIIHUHQFHVLQVDWXUDWLQJFRQ
FHQWUDWLRQVZHUHQRWREYLRXV,QGHHGWKHVWHHSHUVORSHIDFWRUVRIWKH&$GRVHUHVSRQVHFXUYHVSORWWHGIRU
14PXWDQWVUHODWLYHWR:7FRPELQHGZLWKUHGXFHG5)8YDOXHVDWORZHUFRQFHQWUDWLRQVPLJKWVXJ
JHVWWKDWWKHDEVHQFHRIDQ1JO\FDQDW1UHVXOWVLQDOWHUHGDFWLYDWLRQNLQHWLFVUDWKHUWKDQUHGXFHGDJR
QLVWDIILQLW\
,Q WKHRU\ QHLWKHUPXWDWLRQ VKRXOG DOWHU WKH DIILQLW\ RI OLSRSKLOLF VXOIK\GU\ODPLQHUHDFWLYH753$
DJRQLVWVDVWKH\DUHNQRZQWRLQWHUDFWZLWK1WHUPLQDO&\VDQG/\VVLGHFKDLQV7KLVJDYHULVHWR
WKHLGHDWKDWWKHIXQFWLRQDOGLIIHUHQFHVEHWZHHQ753$YDULDQWVZHUHWKHUHVXOWRIJO\FDQSDUWLFLSDWLRQLQ

L(DFKIOXRURPHWULFH[SHULPHQWLHLQGHSHQGHQWH[SHULPHQWGHVFULEHGFRQVLVWHGRIWULSOLFDWHUHDGLQJVDWHDFK
DJRQLVWFRQFHQWUDWLRQ


JDWLQJUDWKHUWKDQDJRQLVWELQGLQJ7RWHVWWKLVK\SRWKHVLVDQGWRGHWHUPLQHZKHWKHUWKHDOWHUHGVHQVLWLYLW\
ZHREVHUYHGZDVVSHFLILFWR1WHUPLQDOGRPDLQELQGLQJ753$DJRQLVWVZHSHUIRUPHGDGGLWLRQDOIOXR
URPHWULF PHDVXUHPHQWV DSSO\LQJ D VLPLODUO\UHDFWLYH 753$DJRQL]LQJ HOHFWURSKLOH $,7& n  LQGH
SHQGHQWH[SHULPHQWVDVZHOODVPHQWKROn LQGHSHQGHQWH[SHULPHQWVZKLFKDFWLYDWHV753$YLDLQ
WHUDFWLRQ VLWHV DORQJ WKH 6 GRPDLQ  )LJXUH &' 7KH VLJQLILFDQW GLVSDULWLHV EHWZHHQ$,7& DQG
PHQWKROGRVHUHVSRQVHFXUYHVZHUHFRQVLVWHQWZLWKWKHYDULDQWVSHFLILFFKDQJHVWR&$VHQVLWLYLW\ZHRE
VHUYHG (& LQ ȝ0 &, $,7&:7  14  14  
140HQWKRO:71414
14)LJXUH&'
)LQDOO\UHVXOWVIURPHOHFWURSK\VLRORJLFDOH[SHULPHQWVDOVRVXSSRUWWKHDSSDUHQWIXQFWLRQDOVLJQLILFDQFH
RIWKH1JO\FDQDW1,QZKROHFHOOSDWFKFODPSH[SHULPHQWVnFHOOVHDFKZHREVHUYHGVLPLODUO\
UHGXFHGVHQVLWLYLW\WRORZHUFRQFHQWUDWLRQVRI&$DPRQJK753$YDULDQWVEHDULQJWKH14PXWDWLRQ
(& LQ ȝ0  &, :7  14  14  
14)LJXUH$2QFHDJDLQWKHVHGDWDVXSSRUWDWZRWRIRXUIROGLQFUHDVH
LQDJRQLVWFRQFHQWUDWLRQUHTXLUHGIRUKDOIPD[LPDODFWLYDWLRQRIK753$WKDWLVQRQJO\FRV\ODWHGDWSRVL
WLRQ1

9DULDQWVSHFLILF&RRSHUDWLYH(IIHFWVRI7HPSHUDWXUHDQG&$
$QDSSDUHQWFRRSHUDWLYLW\EHWZHHQFROGWHPSHUDWXUHDQGFKHPLFDODJRQLVWVLQWKHDFWLYDWLRQRI753FKDQ
QHOVKDVEHHQUHSRUWHGSUHYLRXVO\%DQGHOOHWDOREVHUYHGDURXJKO\IROGORZHU(&RIPHQ
WKRORQ753$ZKHQH[SHULPHQWVZHUHFRQGXFWHGDWDQDPELHQWWHPSHUDWXUH&UDWKHUWKDQSK\VLR
ORJLFDO WHPSHUDWXUH& $GGLWLRQDOO\3HUWXVDHWDO LGHQWLILHGDQ1JO\FDQDWSRVLWLRQ1RI
7530 WKDW LQIOXHQFHG FKDQQHO WHPSHUDWXUH VHQVLWLYLW\ $FFRUGLQJO\ZH UDQ IOXRURPHWULF DFWLYLW\
H[SHULPHQWVDW&LQSDUDOOHO WR WKRVHFRQGXFWHGDW&WRGHWHUPLQHZKHWKHUVXFKFRRSHUDWLYLW\EH
WZHHQWHPSHUDWXUHDQG&$ZDVHYLGHQWDQGZKHWKHULWFRXOGEHLQIOXHQFHGE\1JO\FRV\ODWLRQ


,QRXUH[SHULPHQWVn LQGHSHQGHQWH[SHULPHQWVZHREVHUYHGDVOLJKWDOEHLWVLJQLILFDQWGHFUHDVHLQ
WKHVHQVLWLYLW\RIK753$)/$*:7DQGWKH14PXWDQWDW&UHODWLYHWRUHFRUGLQJVDW&(&
LQȝ0&, :714 )LJXUH$	&  ,QFRQWUDVW WKHDE
VHQFHRIWKH1JO\FRV\ODWLRQVLWHOHGWRHQKDQFHGVHQVLWLYLW\RI753$DWDPELHQWWHPSHUDWXUH(&
LQȝ0&,1414)LJXUH%	''HVSLWHWKHVH
ILQGLQJVZH GLG QRW KRZHYHU REVHUYH DQ\ GLUHFW DJRQLVWLF HIIHFW RI QR[LRXV FROG DV ORZ DV & RQ
K753$)/$*H[SUHVVHG LQ+(. FHOOV GDWD QRW VKRZQ 7KH FROGVHQVLWLYLW\ RI753$ UHPDLQV
FRQWURYHUVLDOZLWKRXUGDWDVXSSRUWLQJVRPHILQGLQJVEXWFRQWUDGLFWLQJRWKHUV

',6&866,21
2XUVWXG\LQWR WKHHIIHFWVRI1JO\FRV\ODWLRQRIK753$SURGXFHGVHYHUDOQHZLQVLJKWV  ,QDGGLWLRQWR
FRQILUPLQJWKDWERWKFRQVHQVXVVLWHVFDQEHPRGLILHGZLWKDQ1JO\FDQ in vitroZHGHWHUPLQHGWKDW WKH
UHPRYDORIWKHVHVLWHVGRHVQRWSUHYHQWIXQFWLRQDODVVHPEO\RUFHOOVXUIDFHWUDIILFNLQJRIWKHSURWHLQ2Q
WKHFRQWUDU\LWDSSHDUVWKDWWKHDEVHQFHRIWKHJO\FDQDWSRVLWLRQ1UHVXOWVLQKLJKHUOHYHOVRISURWHLQ
ORFDOL]HGWRWKHFHOOVXUIDFH$GGLWLRQDOO\ZHLGHQWLILHGZKDWDSSHDUWREHLPSRUWDQWIXQFWLRQDOUROHVRI1
JO\FRV\ODWLRQDWWKH1FRQVHQVXVVLWH6SHFLILFDOO\ZHILUVWREVHUYHGWKDWWKH14PXWDWLRQLQIOX
HQFHVWKHHIILFLHQF\RIJO\FRSURFHVVLQJRIWKH1JO\FDQDW1/DWHUZHREVHUYHGWKDWWKHDEVHQFHRI
WKH1JO\FDQ UHGXFHVK753$VHQVLWLYLW\ WRDYDULHW\RIDJRQLVWV DQG WKRVHHIIHFWVZHUHPRUHGUD
PDWLFDWSK\VLRORJLFDOWHPSHUDWXUHV
7KH HIIHFWV RI SURWHLQ JO\FRV\ODWLRQ DUH KLJKO\ YDULDEOH   %HFDXVH RI WKLV GLYHUVLW\ WKH WDVN RI
FKDUDFWHUL]LQJ1JO\FDQVPXVW±DWOHDVWFXUUHQWO\±EHSHUIRUPHGRQDJO\FRSURWHLQE\JO\FRSURWHLQEDVLV
7KLVDSSHDUVSDUWLFXODUO\WUXHLQWKHFDVHRI753FKDQQHOV)RUH[DPSOH±LQHYLGHQWFRQWUDVWWRK753$
±UHPRYDORIWKH1JO\FDQRQUDW7539DSSHDUVWRHQKDQFHDJRQLVWVHQVLWLYLW\ZLWKUHVHDUFKHUVREVHUY
LQJDaIROGUHGXFWLRQLQWKH(&RIFDSVDLFLQLQQRQJO\FRV\ODWHGPXWDQWV$VVXFKGHWHUPLQLQJ
WKHVSHFLILFIXQFWLRQRI1JO\FRV\ODWLRQIRUHDFK753FKDQQHOSOD\VDFUXFLDOUROHLQH[SDQGLQJRXUXQGHU
VWDQGLQJRIERWKWKLVSURWHLQIDPLO\DQGPRUHEURDGO\WKHVWUXFWXUDODQGIXQFWLRQDOSURWHLQWUDLWVWKDWFDQ


EHFRQIHUUHGE\JO\FDQV6HYHUDOUHVHDUFKHUVKDYHDOUHDG\FRQWULEXWHGKHDYLO\LQWKLVUHJDUG±EXW
PDQ\753FKDQQHOERXQG1JO\FDQVUHPDLQXQVWXGLHG
*LYHQ WKH SRWHQWLDO FOLQLFDO VLJQLILFDQFH RI 753$ ± LQVLJKWV LQWR LWV VWUXFWXUH DQG IXQFWLRQ
FRXOGEHRIFRQVLGHUDEOHYDOXH2XUGDWDVXJJHVWDFULWLFDOUROHRIDQ1JO\FDQLQ753$JDWLQJPHFKDQ
LFVZLWKLWVDEVHQFHUHVXOWLQJLQGLPLQLVKHGFKDQQHOVHQVLWLYLW\WRORZHUFRQFHQWUDWLRQVRIDEURDGDUUD\RI
DJRQLVWV:KLOHWKDWILQGLQJPD\EHRIJUHDWHVWLQWHUHVWZLWKLQWKHFRQWH[WRIRXUUHVHDUFKLWEHDUVPHQ
WLRQLQJWKDWFRQILUPLQJ753$JO\FRV\ODWLRQDQGHOLPLQDWLQJWKHSRVVLELOLW\WKDWLWLVUHTXLUHGIRUHLWKHUD
SURWHLQDVVHPEO\RUEWUDIILFNLQJWRWKHFHOOVXUIDFHLVLQLWVHOIKLJKO\UHOHYDQW7KLVLVHVSHFLDOO\WUXHRI
WKHODWWHUDVWKH1JO\FRV\ODWLRQRI753FKDQQHOVKDVEHHQRFFDVLRQDOO\VKRZQWRKDYHDSURIRXQGLPSDFW
RQWKHOHYHOVRIFHOOVXUIDFHH[SUHVVLRQ
:KLOHWKHH[SUHVVLRQGDWDZHFROOHFWHGUHYHDOHGWKDWDJUHDWHUSURSRUWLRQRIK753$14ZDVOR
FDOL]HGWRWKHFHOOVXUIDFHWKDQWKDWRIK753$:7LW LVLPSRUWDQWWRDOVRFRQVLGHURXUILQGLQJWKDWWKH
UHPRYDORIWKHVPDOOHUJO\FDQDWSRVLWLRQ1UHVXOWHGLQPRUHUREXVWH[SUHVVLRQRIPDWXUHUHODWLYHWR
LPPDWXUHJO\FRSURWHLQ7KLVPLJKWVXJJHVWWKDWWKHHQKDQFHGVXUIDFHH[SUHVVLRQRIWKLV753$PXWDQW
DULVHVGXHWRLWVPRUHHIILFLHQWJO\FRSURFHVVLQJUDWKHUWKDQE\WKHDEVHQFHRIWKH1JO\FDQDW1per se
7KLVZRXOGSRLQWWRDFULWLFDOUROHIRUWKHFRPSOH[1JO\FDQDW1QDPHO\WKDWLWVSUHVHQFHSURPRWHV
RSWLPL]DWLRQRIFHOOVXUIDFHH[SUHVVLRQ7KHH[SUHVVLRQSDWWHUQVRIK753$SURWHLQVEHDULQJWKH14
PXWDWLRQDSSHDUWRVXSSRUWWKLVLGHD %RWKSURWHLQVSRVVHVVLQJWKLVPXWDWLRQH[KLELWHGUHGXFHGWRWDOH[
SUHVVLRQ UHODWLYH WR:7DQGFRQVHTXHQWO\ UHGXFHGFHOOVXUIDFHH[SUHVVLRQ  ,W LVXQFOHDUZKHWKHU WKHVH
UHGXFWLRQVVLJQLI\OHVVHIILFLHQWSURWHLQSURFHVVLQJRULQFUHDVHGVXVFHSWLELOLW\WRGHJUDGDWLRQ5HJDUGOHVV
LWDSSHDUVWKDWRSWLPDOK753$H[SUHVVLRQSDWWHUQVPD\UHO\RQGLJO\FRV\ODWLRQ
7KHKHLJKWHQHGOHYHORIPDWXUHK753$HOLFLWHGE\WKH14PXWDWLRQFRXOGDULVHIURPVHYHUDOSRV
VLEOHFDXVHV)RUH[DPSOHLWLVEHFRPLQJLQFUHDVLQJO\FOHDUWKDWVHTXHQFHVDGMDFHQWWRWKH1X-67FRQ
VHQVXV VLWH FDQ LQIOXHQFHJO\FRV\ODWLRQDQGRUJO\FRSURFHVVLQJ ± $GGLWLRQDOHYLGHQFHKLJKOLJKWV
WKHLQIOXHQFHWKDWWKHGLVWDQFHEHWZHHQ1JO\FRV\ODWLRQDFFHSWRUVLWHVFDQKDYHRQWKHHIILFLHQF\RIJO\FR
SURFHVVLQJ:KLOHRQHFRXOGK\SRWKHVL]HWKDWDQXSVWUHDP14PXWDWLRQPLJKWUHVXOWLQXQQDWXUDO


JO\FRSURFHVVLQJDWSRVLWLRQ1 SRWHQWLDOO\ UHVXOWLQJ LQ WKHDOWHUHGSURWHLQ IXQFWLRQDOLW\ WKDW FRQWUD
GLFWVRXUILQGLQJWKDWWKH14GRXEOHPXWDQWSURGXFHVVLPLODUDJRQLVWLQGXFHGEHKDYLRUWRWKDWRI
K753$14 :H ILQG LWPRUH OLNHO\ WKDWFORVHDSSUR[LPDWLRQRI WKHJO\FRV\ODWLRQVLWHVDQGRU WKH
DPLQRDFLGVQHDUE\WKHUHVSHFWLYHVHTXRQVDUHWKHFDXVHRIWKHDSSDUHQWLQWHUSOD\EHWZHHQWKHVHWZRVLWHV
,QOLJKWRIWKHGLVSDUDWHOHYHOVRIFHOOVXUIDFHH[SUHVVLRQZHREVHUYHGLWZDVVXUSULVLQJWKDWWKHPD[L
PDO753$VSHFLILFUHVSRQVHVREVHUYHGLQZKROHFHOOSDWFKFODPSDQGIOXRURPHWULFDVVD\VGLGQRWGLIIHU
VLJQLILFDQWO\EHWZHHQ753$YDULDQWV+RZHYHUPD[LPDOIXQFWLRQDOUHVSRQVHVPD\QRWGLUHFWO\FRUUHODWH
ZLWK753$FHOOVXUIDFHH[SUHVVLRQ$FWLYDWLRQRI753$LQLQWUDFHOOXODURUJDQHOOHVZKRVHH[SUHVVLRQ
LVQRW UHIOHFWHG LQRXUPHPEUDQHIUDFWLRQ:%DQDO\VLVPD\ LQIOXHQFHFXUUHQWDQGYROWDJHVHQVLWLYHG\H
UHDGRXWV  ,Q DGGLWLRQ LQ WKHSDWFKFODPSH[SHULPHQWVZHPD\KDYHKDGDELDV WRZDUGV VHOHFWLQJFHOOV
ZLWK D ORZ OHYHO RI753$ H[SUHVVLRQ DV WKHVH FHOOV DUH OLNHO\ WR DSSHDU ³KHDOWKLHU´ WKDQ FHOOVZLWK D
KLJKHUH[SUHVVLRQOHYHO8OWLPDWHO\WKHSURGXFWLRQRIVWDEOHFHOOOLQHVZRXOGEHXVHIXOLQUHVROYLQJWKHVH
GLVFUHSDQFLHV
*LYHQWKHFRQVLVWHQF\RIRXUUHVXOWVIURPWKHIXQFWLRQDODQDO\VLVERWKDFURVVGLIIHUHQWDVVD\VDQGEH
WZHHQDJRQLVWVZLWKGLVWLQFWUHDFWLYLW\SURILOHVZHDUHFRQILGHQWLQWKHIXQFWLRQDOVLJQLILFDQFHRIWKHJO\
FDQDWSRVLWLRQ1$VIXUWKHUVXSSRUWWKH(&YDOXHVZHJHQHUDWHGIURPIOXRURPHWULFPHDVXUHPHQWV
RIK753$)/$*:7PHGLDWHGPHPEUDQHGHSRODUL]DWLRQFORVHO\UHVHPEOHWKRVHREVHUYHGE\RWKHUUH
VHDUFKHUV XVLQJ+(. FHOOV LQ VLPLODU DVVD\V IRU DOO WKUHH DJRQLVWV  DQGZH OLNHZLVH RE
VHUYHG,&YDOXHVRIWKH753$VHOHFWLYHDQWDJRQLVW+&WKDWZHUHFRQVLVWHQWZLWKWKHOLWHUDWXUH
GDWDQRWVKRZQ7KHVHILQGLQJVWRRXUWKLQNLQJYDOLGDWHWKHXVHRIWUDQVLHQWO\WUDQVIHFWHG+(.
FHOOVLQIOXRURPHWULFDVVD\V
,QRXUUHYLHZRIWKHOLWHUDWXUHZHGLGQRWXQFRYHUPDQ\IXOOGRVHUHVSRQVHFXUYHVRI753$JHQHUDWHG
LQDZKROHFHOOSDWFKFODPSIRUPDWLQKHWHURORJRXVH[SUHVVLRQV\VWHPV+RZHYHU&KXQJHWDOXVHGSUH
FLVHO\ VXFK D IRUPDW WR HYDOXDWH WKH UHVSRQVH RI 753$ WR LWV DJRQLVW HXJHQRO  :H IRXQG WKDW
753$H[SUHVVLQJ+(.FHOOVZHUHKLJKO\DPHQDEOHWRHOHFWURSK\VLRORJLFDODQDO\VLVZLWKVHULDOGLOX
WLRQVRI&$DSSOLHGWRVLQJOHFHOOVSURGXFLQJODUJHVORZO\LQDFWLYDWLQJLQZDUGFXUUHQWV WKDWZDQHGRQO\


VORZO\XSRQUHPRYDORIWKHDJRQLVW)LJXUH&7KLVHQDEOHGXVWRFRQILUPWKHHIIHFWVRIWKH14PX
WDWLRQZKLFKRQFHDJDLQGHPRQVWUDWHGDQRWDEOHORVVRIDJRQLVWVHQVLWLYLW\$OWKRXJKWKH(&YDOXHVGH
WHUPLQHGE\ZKROHFHOOSDWFKFODPSDQGIOXRURPHWULFDVVD\VGLIIHUHGFRQVLGHUDEO\ZHFRQVLGHUHGWKLVD
FRQVHTXHQFHRIWKHGLIIHUHQFHVLQKHUHQWWRWKHUHVSHFWLYHDVVD\V,QDGGLWLRQWRGLVFUHSDQFLHVLQDVVD\VHQ
VLWLYLWLHVRWKHUIDFWRUVVXFKDVYROWDJHFRQWURODQGRUWKHWUHDWPHQWRI&$QDwYHFHOOVLQWKH)OH[6WDWLRQ
YVVLQJOHFHOOVH[SRVHGWRHVFDODWLQJ&$FRQFHQWUDWLRQVLQSDWFKFODPSH[SHULPHQWVOLNHO\FRQWULEXWHG
WRWKHREVHUYHGGLIIHUHQFHV
5HFHQWO\ 'HHULQJ5LFH HW DO  SXEOLVKHG UHVXOWV IURP D IXQFWLRQDO DQDO\VLV RI QRQJO\FRV\ODWHG
753$YDULDQWV 7KHLUZRUNHQWDLOHGDQDO\]LQJFDOFLXPLQIOX[DIWHUDVLQJOHDSSOLFDWLRQRIDVDWXUDWLQJ
FRQFHQWUDWLRQ RI 753$ DJRQLVWV WR +(. FHOOV WUDQVLHQWO\ H[SUHVVLQJ HLWKHU:7 RU 1$ DQGRU
1$753$YDULDQWV 7R UXOH RXW GLVSDUDWH VXEFHOOXODU SURWHLQ GLVWULEXWLRQ DV D FDXVH RI GLVSDUDWH
FKDQQHO UHVSRQVHV WKH UHVHDUFKHUV HQGHDYRUHG WR DFWLYDWH LQWUDFHOOXODU 753$ LQ LVRODWLRQ E\ DSSO\LQJ
753$DJRQLVWVLQWKHSUHVHQFHRIWKHPHPEUDQHLPSHUPHDEOH753$LQKLELWRUUXWKHQLXPUHG:KLOH
WKH\IRXQGGLPLQLVKHGUHVSRQVHVDPRQJ753$YDULDQWVEHDULQJWKH1$PXWDWLRQWKH\GLGQRW±DV
ZHGLG±LGHQWLI\VLJQLILFDQWGLIIHUHQFHVLQSURWHLQGLVWULEXWLRQ:HEHOLHYHWKLVLVOLNHO\DFRQVHTXHQFHRI
WKHGLIIHUHQWDQDO\WLFDODSSURDFKHVQDPHO\WKHXVHRILPPXQREORWWLQJRILVRODWHGFHOOVXUIDFHSURWHLQVYV
DQLQWUDFHOOXODUDFWLYLW\DVVD\WRGHWHUPLQHGLIIHUHQFHVLQ753$FHOOVXUIDFHH[SUHVVLRQ
7KHLQIOXHQFHRI1JO\FRV\ODWLRQRQWKHDSSDUHQWFRRSHUDWLYHHIIHFWVRIWHPSHUDWXUHDQG&$ZDVDVXU
SULVLQJ ILQGLQJ LQ WKLV VWXG\  ,QSDUWLFXODU LW LV LQWHUHVWLQJ WKDW WKHSUHVHQFHRIERWKJO\FRV\ODWLRQVLWHV
DSSHDUVWRRSWLPL]H753$DJRQLVWVHQVLWLYLW\DWSK\VLRORJLFDODQGDPELHQWWHPSHUDWXUHV3HUKDSVLQWKH
FDVHRI753$GLJO\FRV\ODWLRQVHUYHGDVDNLQGRIHYROXWLRQDU\FDOLEUDWLRQHVSHFLDOO\LQOLJKWRIWKHIDFW
WKDWWKH1JO\FRV\ODWLRQVLWHLVPRUHHYROXWLRQDULO\UHFHQWZLWKFROGEORRGHGDPSKLELDQVDQGUHSWLOHV
ODFNLQJLW,WZRXOGEHLQWHUHVWLQJWRVHHZKHWKHUVLPLODUSDWWHUQVDUHSUHVHQWDPRQJRWKHUWKHUPRVHQVLWLYH
753FKDQQHOV
7KHUH DUH VRPH OLPLWDWLRQV LQKHUHQW WR WKLV DQDO\VLV WKDW EHDU DFNQRZOHGJHPHQW  6SHFLILFDOO\ LW UH
PDLQVXQFOHDUZKHWKHU753$1JO\FRV\ODWLRQRFFXUVLQQDWLYHFHOOOLQHVin vivo+RZHYHUUHVXOWVSXE


OLVKHGE\RWKHUUHVHDUFKJURXSVFRQVLVWHQWO\LQGLFDWHWKDW753FKDQQHOVDUH1JO\FRV\ODWHGin vivo 
VXSSRUWLQJH[WUDSRODWLRQRI ILQGLQJVREWDLQHG in vitro  ,QDGGLWLRQZHFDQQRWH[FOXGH WKDW WKH$VQ*OQ
PXWDWLRQV LQGXFHFRQIRXQGLQJFKDQJHV WRSURWHLQ VWUXFWXUH WKDWPD\REVFXUHRWKHUHIIHFWVRIJO\FRV\OD
WLRQ $OVR WKHUHZHUHPXOWLSOH753$VXEXQLWJO\FRIRUPVSUHVHQW LQ VLQJOHFHOOV DVHYLGHQFHGE\ WKH
GRXEOHW EDQGV REVHUYHG LQ VLQJOH VDPSOHV LQ:%DQDO\VLV  ,QGLYLGXDO753$YDULDQW JO\FRIRUPVPD\
FRQWULEXWH GLVSDUDWHO\ WR IXQFWLRQDO UHDGRXWV DQG WKH H[SHULPHQWV ZH SHUIRUPHG HIIHFWLYHO\ DJJUHJDWH
WKHVHFRQWULEXWLRQV
)LQDOO\753$LVSRWHQWLDWHGDQGLQDFWLYDWHGE\&D,WLVSRVVLEOHWKDW:7DQGPXWDWHG753$
FKDQQHOVDQDO\]HGLQRXUH[SHULPHQWVGLIIHULQWKHLUSHUPHDELOLW\WR&DZKLFKLQWXUQFRXOGDIIHFWFXU
UHQWDPSOLWXGHVWKURXJK&DGHSHQGHQW753$SRWHQWLDWLRQ2QHPLJKWFRQVLGHUVXFKGLVSDULWLHVDV
DQ DOWHUQDWLYH H[SODQDWLRQ IRU WKH REVHUYHG GLVFUHSDQFLHV EHWZHHQ RXU H[SUHVVLRQ DQG IXQFWLRQDO GDWD
+RZHYHULWLVXQFOHDUZKDWHIIHFWVVXFKGLVSDULWLHVZRXOGKDYHLIDQ\RQWKHGRVHUHVSRQVHUHODWLRQVKLSV
EHWZHHQDJRQLVWVDQGWKH753$YDULDQWVXQGHUWKHH[SHULPHQWDOGHVLJQZHDSSOLHG,QRXUH[SHULPHQWV
WKHDEVHQFHRIVLJQLILFDQWGLIIHUHQFHV LQPD[LPDO753$VSHFLILF UHVSRQVHVXSSRUWV WKHVWDWLVWLFDOFRP
SDULVRQ RI QRUPDOL]HG GRVHUHVSRQVH FXUYHV  )XUWKHUPRUHZH GLG QRW REVHUYH D GLVFHUQLEOH SDWWHUQ LQ
753$FKDQQHOIXQFWLRQWKDWZDVVXJJHVWLYHRIWKHSUHVHQFHRIFRQIRXQGLQJVWUXFWXUDOFKDQJHVRUGLVSDU
DWH&DGHSHQGHQWSRWHQWLDWLRQEURXJKWRQE\WKHPXWDWLRQWRHLWKHUVLWH2QWKHFRQWUDU\WKHWZRYDUL
DQWVEHDULQJWKH14PXWDWLRQH[KLELWYHU\GLIIHUHQWH[SUHVVLRQSDWWHUQVEXWSURGXFHVLPLODUPD[LPDO
VLJQDOV DQGGRVHUHVSRQVH FXUYHVZKHQ VWLPXODWHGE\GLYHUVHDJRQLVWV DQGXQGHUGLIIHUHQW H[SHULPHQWDO
DSSURDFKHV
2QHRI WKHFRPPRQIHDWXUHVRI753FKDQQHOV LV WKHLU IXQFWLRQDODQGVWUXFWXUDOYHUVDWLOLW\ 7KH\DUH
W\SLFDOO\SRO\PRGDOO\DFWLYDWHGXELTXLWRXVO\H[SUHVVHGDQGFDQERWKKHWHURDQGKRPRPXOWLPHUL]H±
7KHUHYHODWLRQWKDW753$EHKDYLRUFDQEHPRGLILHGE\DOWHUHGJO\FRV\ODWLRQSDWWHUQVSRWHQWLDOO\XQ
ORFNV HYHQPRUH IXQFWLRQDO GLYHUVLW\ *O\FRV\OWUDQVIHUDVHV DUHGLIIHUHQWLDOO\ H[SUHVVHGGXULQJGHYHORS
PHQWDQGDFURVVKXPDQFHOOW\SHV±7KHUHIRUHWKHUHLVVRPHSRWHQWLDOWKDWFHOOW\SHVSHFLILFWUDQV
IHUDVHH[SUHVVLRQFRXOGHQVXUHWKHWDUJHWHGSUHVHQFHRIIXQFWLRQDOO\XQLTXH753FKDQQHOVDOORZLQJSUR


WHLQVZLWKLGHQWLFDOSULPDU\VWUXFWXUHVWRDFFRPPRGDWHGLIIHUHQWIXQFWLRQDOUROHV,QWKHFRQWH[WRIWKHU
PRVHQVLWLYH753FKDQQHOVSURFHVVHVVXFKDVJO\FRV\ODWLRQPD\DOVREHDPHDQVWRRSWLPL]HIXQFWLRQRYHU
WKHUDQJHRIWHPSHUDWXUHVWRZKLFKDQH[SUHVVLRQORFXVLVW\SLFDOO\H[SRVHG)RUH[DPSOHVHQVRU\UHFHS
WRUV LQQHUYDWLQJWKHVNLQDUHH[SRVHGWR ORZHU WHPSHUDWXUHV WKDQWKDWRI WKHFRUHDQGWKHIXQFWLRQDOGH
PDQGVRIWKHVHUHVSHFWLYHHQYLURQPHQWVFRXOGOLNHZLVHGLIIHU
7KLVVWXG\SURYLGHVQHZLQVLJKWVLQWRWKHFRPSOH[FKDQQHOEHKDYLRUDQGLWVWLJKWO\FRQWUROOHGUHJXOD
WLRQ2XUFRQILUPDWLRQRI753$GLJO\FRV\ODWLRQDQGWKHLQGLFDWLRQVWKDWWKLVPRGLILFDWLRQFDUULHVFRQ
VLGHUDEOHIXQFWLRQDOLPSRUWDQFHIRUWKHSURWHLQHQKDQFHVRXUXQGHUVWDQGLQJRIQRWRQO\753$EHKDYLRU
EXWDOVRRIWKHEURDGHU753FKDQQHOIDPLO\DVZHOODVRIWKHYHUVDWLOLW\RI1JO\FDQV

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6SHFLDOWKDQNVDUHRZHGWR6HEDVWLDQ0H\HU7HD*XQGHDQG$OH[DQGUH6LPRQLQIRULQSXWDWYDULRXVFULWL
FDOMXQFWXUHVGXULQJWKLVSURMHFW
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7KHDXWKRUVGHFODUHWKDWWKH\KDYHQRFRQIOLFWVRILQWHUHVWZLWKWKHFRQWHQWVRIWKLVDUWLFOH

)81',1*
1XPDE$*DQGWKH,QVWLWXWHRI3KDUPDFRORJ\DQG7R[LFRORJ\DW8=+SURYLGHGWKHIXQGLQJIRUWKLVUH
VHDUFK
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7LPRWK\-(JDQGHVLJQHGWKHVWXG\SHUIRUPHGDOOH[SHULPHQWVDQGZURWHWKHSDSHU0DULR$$FXxDDQG
+DQQV8OULFK=HLOKRIHUKHOSHGGHVLJQWKHHOHFWURSK\VLRORJ\H[SHULPHQWVDQG0DULR$$FXxDDVVLVWHGLQ
WKHSDWFKFODPSH[SHULPHQWV'DYLG8UHFKDQG0DUF\=HQREL:RQJDVVLVWHGLQWKHGHVLJQRIWKHVWXG\
$OODXWKRUVDQDO\]HGWKHVHUHVXOWVDQGUHYLHZHGDQGDSSURYHGWKLVPDQXVFULSWSULRUWRVXEPLVVLRQ

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